Research on the Folsom Paleoindian type site, involving 'renewed field investigations and an analysis of extant collections from the 1920s excavations, was undertaken between
Entre 1997 y 2000 se llev6 a cabo una nueva investigaci6n en el sitio tipo paleoindio Folsom, que incluy6 trabajos de campo y un analisis de las colecciones existentes de las excavaciones de la decada de 1920. Los resultados preliminares de esa investigaci6n muestran que todas las excavaciones hasta el presente fueron en el area de matanza, que tuvo lugar en un tributario pequeno y angosto del paleovalle del Arroyo
cal localities in North America. In an effort to enhance our understanding ofthe site, under the auspices ofthe QuestArchaeological Research Program at SMU, an interdisciplinary field project was initiated at Folsom in 1997, which continued over the next two field seasons and was followed by analyses of museum collections from the site.
Although analyses continue and additional results will be forthcoming, we provide here a summary to date, detailing the historical background, our current understanding of the site's geomorphic and stratigraphic context, its age and paleoenvironmental context, the structure and taphonomy of the bonebed, and the site's archaeological contents. A detailed monograph on the site is in preparation.
Site Setting
The Folsom site is located in the far northeastern corner of Colfax County, New Mexico, at an elevation of ....2109 m (....6919 feet) above sea level. The site straddles Wild Horse Arroyo, a minor northwestsoutheast trending tributary of the Dry Cimarron River. Both Wild Horse Arroyo and the Dry Cimarron have their headwaters on nearby Johnson Mesa, the eastern escarpment of which is just 1600 m west of the Folsom site and looms 228 m above the valley floor on which the site is situated (Figure 1 ). Johnson Mesa is a prominent regional landform (Meltzer 2000: Figure 1 ), but one of a series of extensive basalt mesas and scattered volcanic peaks and cones that characterize the Raton Section ofthe Great Plains province, extending from the Rocky Mountain Front Range to the Oklahoma Panhandle. Volcanic activity had ceased well before humans arrived in the area (Anderson and Haynes 1979; Hunt et al. 1987:51; cf. Baldwin and Muehlberger 1959) , but the volcanic features dominate the landscape, topography, and drainages, and because of the consider-able variability in elevation over short distances influence the local climate and biotic communities.
Based on data from weather stations within a -.5 degree radius and ± 152 m elevation of the site, this is an area ofrelatively low annual precipitation (ranging from 38-44.5 cm-the higher amounts received at higher elevations), much of which falls during high-intensity summer thunderstorms. Save for atop Johnson Mesa and the area close to the site itself, winter precipitation is relatively inconsequential. Because of the elevation and the scarp effect of the mesa, snowfall near the site is much heavier than the surrounding, lower elevation areas. In general, this is a region of cool, seasonal temperatures with a relatively short «145 days) growing season. Summers are cool, temperatures drop quickly and widely across the area by early fall (Septe.mber), and winters are cold. Calculated Effective Temperature (ET) values for the weather stations in the area range from 12.05 to-12.97.
The Folsom site is situated in an open grassland/meadow, interspersed by oak and locust galleries (Quercus gambelii, Q. undulata, and Robinia neomexicana). Because of the topographic and climatic variability present over relatively short distances, the surrounding region is marked by diverse biotic communities, containing a range of warm and cool season plants (Anderson 1975:46-72; Huckell 1998) . Vegetation communities include open grassland on the exposed uplands of Johnson Mesa; a zone ofponderosa pine/spruce/fIT parkland mark the mesa rim; and on the talus slopes below, a scrub oak forest mixed with locust and occasional juniper and pine species. At lower elevations to the east/southeast (down the Dry Cimmaron Valley, which drops -850 m in elevation in -100 km), the predominant landscape form is relatively level, semi-arid grassland (dominated by C4 [warm-season] grass,es).
Despite the floral diversity, primary productivity and standing biomass are relatively low (there are relatively few trees), and the vegetation experiences considerable annual turnover. Much of the biomass may not be edible by humans. Relatively few of the edible plants yield a significant return in fatty acids or carbohydrates that would have provided a viable subsistence base, particularly during the critical winter and spring months when game populations are low and fat-depleted (Speth and Spielmann 1983:18-21) . Nonetheless, this area provides abundant forage for animals. Thus, the calculated secondary, productivity for the region-a projection of expected ungulate prey based on empirically derived patterns of animal biomass (formulas in Binford 2001) -is relatively high, and even today this is a game-rich area, supporting large herds of elk, deer, pronghorn (atop nearby Johnson Mesa), and game birds (the richness perhaps enhanced by the fragmentation and loss of habitat elsewhere, the absence of a large local human population or urban center, and contemporary land use practices). Bison were present in the area in historic times (Findley et al. 1975; Fitzgerald et al. 1994) , as they obviously were in the late Pleistocene.
Archaeological surveys in the area immediately surrounding the site (Anderson 1975; Meltzer 1998) bave yielded a limited archaeological record, nearly all late prehistoric in age. Such finds suggest this has been an area in which human activities were rather ephemeral, consisting largely of hunting and other limited subsistence activities. As discussed below, this probably was the case for Paleoindian times as well.
-History and Previous Work
The circumstances of the Folsom discovery are poorly known (Anderson 1975:43-44) . The various accounts, (e.g., Agogino 1971 Agogino , 1985 Cook 1947; Folsom 1992; Hewett 1971; Hillerman 1971; Little 1947; Owen 1951; Pr~ston 1997; Reed 1940; Roberts 1935; Steen 1955; Thompson 1967) are mostly secondary, based on the recollections ofthose who were not there, and are often contradictory-as one might expect. Most credit the initial discovery to Crowfoot Ranch cowboy George Mcjunkin; others, however, grant him only bystander status, belittle his role, or simply ignore him altogether (e.g., Cook 1947; Owen 1951 , Roberts 1935 Thompson 1967) . This, too, is not unexpected.
It seems reasonable to infer, based in part on independent geological evidence, that the event that set the discovery in train was an unusually heavy rain on Johnson Mesa, just above the Crowfoot Ranch, on August 27, 1908. The runoff from that storm triggered downcutting in the Dry Cimarron drainage and incised Wild Horse Arroyo more deeply than it had been before (Anderson 1975:43) .1 Sometime after (how long after, no one knows), Mcjunkin (or someone else) spotted large bones eroding out ofthe arroyo wall -2-3 m below the surface-and must have recognized them as being something of [Vol. 67, No.1, 2002 interest (otherwise, of course, the bones would simply have been ignored). Whether l)e (or whoever the finder) surinised the bones to be old or simply found artifacts with them has been the ,subject of much speculation, even~ome speculative history (e.g., Folsom 1992) . But there are no facts bearing on the question, save that when excavations were begun in 1926, this was not considered an archaeological site.
The fIrst secure record we have of the site comes from December 10, 1922 (after Mcjunkin died), when the locality was visited by Carl Schwachheim (a Raton, New Mexico blacksmith), Fred Howarth (a Raton banker), and several of their friends. Their visit was memorialized in Schwachheim's Diary and in a photograph of Howarth pointing to bison bone in place. How they learned of the site is also a matter of speculation. One erigaging scenario has Mcjunkin stopping by Schwachheim's home to admire a fountain made with the antler racks of two bull elk that became entangled in a mortal contest (Folsom 1992; Steen 1955:5) .
After an apparently unsuccessful attempt to interest the State of New Mexico in the site, in late January 1926 Schwachheim and Howarth visited Denver where they met Jesse Figgins, the Director of the Colorado Museum of Natural History2 (hereafter, CMNH; Schwachheim Diary, January 25, 1926; Roberts 1935:4; Steen 1955:5-6 (Figgins 1927:232) is not corroborated by contemporary correspondence (Meltzer 1991~Roberts 1935 .
Fieldwork began in early May 1926. The excavations started on the south bank of the arroyo and were conducted largely by Schwachheim (with help from several individuals, including Frank Figgins, the son of Jesse). The outlines of the excavation methods and the areas in which the excavation took place can be gleaned from archival clues. The excavation worked into the south bank ofthe arroyo (Figure 2) , in what came to be recognized as the western edge of the bonebed. J. D. Figgins instructed Schwachheim to remove the overburden to within a few feet of the bones over a large area, to "clear the ground for the recovery ot'the fossils in an orderly way" (J. D. Figgins to Howarth, July 24,1926 , DIR/CMNH). One particularly auspicious element of 1. D. Figgins's strategy was to "carry ... the dirt away from the creek, not irito it" (J. D. Figgins to Howarth, July 24,1926, DIR/CMNH) . This was the procedure in 1927 and 1928 as weil, and thus most ofthe overburden and back dirt was not washed down the arroyo but remains on site. No screens were used, not surprising given the times arid the paleontological goals of the excavation.
By mid-June bison bones were being uJ?covered, and in mid-July the fIrst artifact, the distal end of a F~lsom fluted projectile point (Denver Museum catalog number 1391/3), was uncovered though not in situ (Schwachheiin Diary"July 14, 1926) . The discovery was reported to J. D. Figgins in Denver, who urged the crew to watch "for hu:man remains and then in no circumstances, remove them, but let me know at once" (J. D. Figgins to Howarth, July 22, 1926 , DIR/ClViNH, also Meltzer 1991) . While he instructet hem to "scan every particle of dirt they remove" (J. D. Figgins to Brown, July 23, 1926 ,VP/AMNH), the crew found no in situ 'points over the remainder of the field season, although one additional broken point (a blade and tip) was found close to the end of the season. This point later proved to refit to a sliver of a midsection found adjacent to a rib-the sliver and rib having been removed from the field as a block and exposed, in the laboratory (Figgins 1927:232-234, Figure 3 right, and Figure 4~1 . D. Figgins to Cook, November 16, 1926 , HJC/AGPO; Roberts 1935:4) .
During the following field season (1927) the excavation area was expanded but the techniqu.es remained the same. Only this time the crew-as a result of an exchange 1. ,D.. Figgins had with Ales Hrdlicka in Washington that spring (Meltzer 1983 (Meltzer , 1994 -was explicitly instructed to watch carefully for artifacts and leave unexcavated any spotted in place. On August 29, 1927~a point was found in situ, 1. D. Because of discrepancies in the map and in the sparse field notes, it is not possible to specify with complete confidence which points (listed in Table 2) ,were found at which location. "Skeleton" should not be taken literally as the location of a complete bison skeleton, but inste~d as the presence of bison bone, which may include elements from one or more individuals. Meltzer 1993:53) . Roberts studied the [Vol. 67, No.1, 2002 ground, was similarly convinced by the association, and thought it sufficiently important that he returned on September 6, and again on September 8 with A. V. Kidder (of the Carnegie Institution of Washington-both Roberts and Kidder had been attending the fIrst Pecos Conference [Roberts 1935:5] ). All agreed the point and the bones of the extinct bison were contemporaneous (Meltzer 1983 (Meltzer :35-37, 1994 Roberts 1935:5) and provided the fIrst unequivocal testimony that humans were in America by at least the late Pleistocene. That discovery, of course, profoundly changed American archaeology (for a thoughtful contemporary assessment of Folsom's implications, see Kidder 1936) .
Altogether, the 1926-27 excavations of the Colorado Museum removed ,..,34.7 m 2 of the bonebed, in an area ( Figure 2 ) that extended,.., 11 m along the south bank of the arroyo ,and 3.8 m into the south bank at its eastern end . Unfortunately, only rough sketch maps and photographs indicate the precise position of artifacts and bones (e.g. F. Figgins, unpublishedfieldnotes, 1926 , DIR/CMNH; Schwachheim to J. D. Figgins, September 4 and September 29, 1927 ; DIR/CMNH; Brown 1928) . The archival materials present a basic picture of the deposits in which remains were found: the in situ point was found eight feet below ground surface (Schwachheim to J. D. Figgins, September 11, 1927, DIRICMNH) , and it-along with the bison skeletons-appeared to be "rest[ing] on a sloping bank" of a south-north channel (Brown, unpublished field notes, VP/AMNH).
In order to expand the sample of artifacts and bison remains and resolve more precisely the age of the site, the American Museum of Natural History (hereafter, AMNH) joined the excavations in 1928. They first dug four perimeter "test holes" (identified as Pits A-D in Figure 2 ) to establish the outer limits of the bonebed, then excavated the area within those boundaries. As before, mule-drawn fresnos moved the overburden onto the uplands south ofthe site, ultimately forming a semi-circular berm around its southern edge. As in previous years, much of the excavation close to the bonebed was done with picks and shovels, with not unexpected results: "We have found to date 9 broken points. Oh!Yes, one was a fine one, but Ernie struck it with a pick breaking it ... " (Schwachheim to Brown, August 10, 1928,
VP/AMNH).
Provenience was measured in Cartesian coordinates relative to an earthen pillar left in the center of the excavations, and as depth below surface (the surface being the top of the earthen pillar). Provenience was recorded in this manner for individual artifacts and clusters of bone (not individual bone elements), then (apparently after the completion of the 1928 excavations) on a plan map of the site (Figure 2 That same season, at the behest of the Smithsonian Institution, Kirk Bryan of the USGS and Harvard University visited the site and mapped the regional geology. He concluded "the age ofthe material containing B. taylori and the implements must be late Pleistocene or perhaps early Recent" (Bryan 1929:129) . Brown reached a similar opinion based on the bison bones (Brown 1929) .
By the end of three years of work at the site, the bonebed had yielded at least 14 Folsom fluted projectile points (see published photographs in Wormington 1957:28) . More would subsequently appear during laboratory preparation of the plaster jacketed skeletal remains (e.g., J. D. Figgins to Brown, October 23, 1929, VP/AMNH) .At least two fluted points (one from the Colorado Museum excavations, the other from the American Museum work) were recovered by the excavation crews in the back dirt (Schwachheim Diary). In fact, it was not uncommon in the years after the excavation for artifacts to be found eroding out of the back dirt. Brown found one there on a 1931 visit (Howarth to Cook, February 26; 1932, AHC/uwY) , and in 1934 E. B. Howard found the base of one that he believed joined with a tip found earlier (Howard 1943: 228) . Severalapparently were also found in the 1950s by Homer Farr, the longtime caretaker of Capulin Volcano (now Capulin Volcano National Monument). More recently (1994) , a group from the Denver Museum recovered a point (Dixon and Marlar 1997) . Altogether, perhaps two-dozen fluted projectile points have come from the site, although the current whereabouts of some are unknown; there may be unrecorded points in private collections.
Finally, the site yielded a considerable amount of bison skeletal remains (we have inventoried over 3,000 identifiable elements in the American and Denver museum collections). Brown believed they represented at least 30 bison and possibly as many as 50, which he and others referred to as the extinct species Bison taylori (and Bison oliverhayi, now synonymized with B. antiquus occidentalis; see Figgins 1933; Hay and Cook 1930; MacDonald 1981:85, 94) . The herd consisted of "male, female, and yearlings ... [all] killed at the same time" (Brown to Hay, January 10, 1929 , VP/AMNH; also Brown 1928 Brown , 1936 .
Other species besides bison were also found over the course of the 1920s excavations. These included "a deer midway between the size of a black-tail and an elk" (J. D. Figgins to Brown, July 14, 1926, VPIAMNH) , as well as a variety of small mammals (Hay to Brown, undated, but ca. September 15,1928 , VP/AMNH; the fauna is reported in Hay and Cook 1928, 1930) . All of the identified species, save the bison, occur in this area historically; several of the small mammals are burrowers, which occupy the site even today. Excavation techniques being what they were in the 1920s, the taphonomic history of those remains and their association with Folsom Paleoindian activities is unknown. 4 Brown (1928) observed that theAMNH excavations-despite covering a larger area-yielded remains of only 14 bison, compared to 16 from the CMNH work the previous two seasons. Clearly, the density of skeletal remains was higher in the area excavated by the Colorado Museum.
The results ofthe three years ofexcavation at Folsom were not well published. The original papers by Cook (1927) and J. D. Figgins (1927) were largely polemical pieces, written before any fluted points had been found in situ, and which advocated other candidates for great antiquity besides Folsom. Later, there were a few brief papers on the fauna and geology (e.g., Brown 1928 Brown , 1929 Brown , 1936 Bryan 1937; Hay and Cook 1928, 1930) , as well as a couple of popular (and still somewhat polemical) pieces on the site (e.g., Cook 1928; Figgins 1928) . However, detailed descriptions of the excavation data and results were never published-not unusual, given the contemporary standards.
There was no further fieldwork at the Folsom site for several decades. Later visits by various individuals added to the artifact inventory and led to the collection of a charcoal sample that produced the frrst radiocarbon date from the area-though not, as initially supposed, from the Paleoindian occupation at the site (Arnold and Libby 1950:10; Roberts 1951) .5 Fieldwork at the site was renewed in the early 1970s when Adrienne Anderson, then a doctoral candidate at the University of Colorado, undertook an intensive archaeological site survey with the additional aim of developing a paleoenvironmental record for the region. Limited testing was also carried out at the Folsom site to determine: "(1) the remaining extent of the Folsom-bearing deposit, (2) the feasibility of additional excavation, and (3) the presence of diatoms, snails, pollen, and other information enabling paleoenvironmental reconstruction" (Anderson 1975:19) . Samples were also collected for radiocarbon dating, partly with an eye on correlating the deposits with local volcanic events (Anderson 1975:39; Anderson and Haynes 1979; Haynes et al. 1992:83-84) .
The fieldwork involved excavation of <10 small test pits and backhoe trenches in and around the site, though mostly on the south bank. In addition, the arroyo walls were cleaned, and pollen profiles were obtained from two sections near the site. Radiocarbon samples were also collected from the arroyo walls; these included bone fragments and a very small amount of charcoal flecks dispersed throughout the sediment in what appeared to be a secondary context (Haynes et al. 1992:87 ).
Anderson's survey of the area surrounding Folsom yielded some 74 sites and 192 isolated artifact occurrences (Anderson 1975:14, 80) , though only a very small number of those were Paleoindian in age. Despite the fact that at each site a "one hundred percent artifact collection was attempted" (Anderson 1975:79) , the sum total of material recorded from all these sites was just 2,087 artifacts, of which 108 were projectile points, and 345 (16.5 percent) artifacts came from a single rockshelter (Anderson [Vol. 67, No.1, 2002 1975:21 andAppendix B). Our own muchless-extensive survey of the surrounding area in 1997 yielded even less material, confirming Anderson's results. Human use of this area in prehistory was evidently ephemeral and consisted largely of limited hunting activities (Anderson 1975:4, Table 23 ).
Aspects of the 1970s work at the Folsom site are touched on by Anderson (1975) , though the attention there is primarily on the results of the survey. The Folsom site stratigraphic results are discussed in Anderson and Haynes (1979) , which also addresses the age of the Folsom occupation relative to local volcanic activity. The outcome of the radiocarbon-dating efforts are summarized by Haynes et al. (1992:84) , who report that analysis of bison bone collagen from the site yielded an age of 10,260 ± 110 B.P., while dated charcoal gave a mean age of 10,890 ± 50 B.P. (an average of six samples, five of which were individual charcoal flecks, the sixth a composite sample from the other five).
In the spring of 1972 Willard Louden, other local avocational archaeologists, and a group from Trinidad State Junior College excavated a cranium ofa relatively large bison cow, along with other skeletal elements (ribs and a thoracic vertebra, according to photographs taken at the time) on the north bank ofWild Horse Arroyo. The cranium and photographs are curated at the Louden-Henritze Archaeology Museum at Trinidad State Junior College; the whereabouts of the axial elements are not known. None of this material was published.
Recent Investigations of the Folsom Site and Assemblages
We renewed field investigations at the Folsom site for several reasons: to assess its stratigraphy, geology, and paleoenvironmental history; to ascertain if any intact deposits remained and, if there proved to be portions of the kill area remaining, to see if we could gain an understanding of the spatial structure and taphonomy of the bonebed; and finally to go beyond the bonebed to seek other butchering and processing areas, or perhaps an associated camp. The latter is of particular interest, as ethnoarchaeological (e.g., Fisher 1992; O'Connell et al. 1992) and Paleoindian archaeological studies (Frison and Stanford 1982; Hofman :56,62, 1999b Hofman et al. 1990; Jodry , 1999b Jodry and Stanford 1992; Stanford 1999:302) have shown kill sites are often accompanied by camps, though the latter are often less visible archaeologically and can be distant from the kill. By the time we began fieldwork in 1997, the Folsom site had eroded signficantly, perhaps in large part because the 1920s excavations were not backfilled, but also because of game and domestic animal traffic through the area. On the south bank, the old excavation area forms a semi-circular bowl, cut by gullies that run down to the arroyo (south to north). The upland, southern edge of the 1920s excavation area is still ringed by a semi-circular back dirt berm, thoughjudging by archival photographs, it has diminished in height since 1928. While only a small amount of excavation took place on the north bank in the 1920s, the vertical face cut in 1928 has eroded and retreated considerably and now forms a ...,45 0 slope (it remains an active erosional slope). No permanent datum markers exist from the 1926-28 work, and the earthen pillar used as a datum in 1928 has long since disappeared. In 1970, Anderson established a concrete datum on site, and it serves as the primary datum for our work as well; we have set four additional concrete datums.
Initial testing in 1997 focused on the west side of the south bank for two reasons: clues in the archival records indicated this was the mostly likely area where intact bonebed deposits might be found and, second, Kaisen observed there were "a lot of bones all along the west side," noting they were from "more or less mixed" skeletons (Kaisen to Brown, August 19, 1928 , VP/AMNH; also, Figure 2 ). Among the mixed remains were several closely spaced crania (Kaisen to Brown, August 19, 1928, VP/AMNH) . These hinted that this might be a possible bison-processing area.
In an effort to relocate that part of the bonebed as well as ground-truth the 1928 map, a series of shallow exploratory trenches were dug seeking the perimeter test pits excavated in 1928 (AMNH Pits A-D in Figure 2 ). Those test pits were sought on the assumption that since they were positioned outside the main excavation block and were discrete handdug units, their outlines might be better preserved and more readily recognized than the sloping and more irregular fresno-dug walls of the main excavation block.
Ultimately, three of those pits (AMNH B, C, and D) were located. However, their locations on site and relative to each other do not match the positions as shown on the 1928 AMNH map. Pit C, for exam-pIe, instead ofbeing within""'.5 m ofthe western edge of the main block excavations (note the scale in Figure 2), proved to be -4 m distant. In effect, the area where the bonebed was removed in 1928 did not extend all the way to the edge of the excavation area as shown on the map. Thus, there were potentially unexcavated areas remaining between the edge ofthe 1928 bonebed excavations and the perimeter test pits (and perhaps outside the perimeter test pits).
Our excavations over the 1997-1999 seasons focused on a 17.5 m 2 area of the bonebed (within the 5-x-5 m M17 and N17 blocks in Figure 3 ). This area falls between the western edge of the 1928 excavations and AMNH Pit C-the outlines of which were found in the western half of the M 17 block. Those excavations produced a concentration of bison bone (NISP =259). Although all sediment from that excavation was water screened through nested 31.75-mm (~-inch) and 15.875-mm (X6-inch) mesh, no points or tools were found. However, 25 tiny flakes (mean length =4.6 mm) from use or resharpening were recovered in the water screens.
Severall-m 2 units opened in the M15 block 5 m south of M17 (the outlines of AMNH Pit D were found within the M 15 block) aimed at delimiting the southerly extent of the bonebed. Only a few bone fragments were recovered in this area of the site, indicating the bonebed does not extend to this point. In addition, several 1-m 2 test units were excavated on the uplands to the west (n =6), southwest (n =1) and east (n = 3) of the bonebed, in search of associated habitation areas; none yielded any hints of a Paleoindian presence. Limited testing and excavation also took place on the north bank in an effort to better understand the stratigraphic context ofremains in this area.
Not all of our field efforts, results, and analytical interpretations can be discussed here, but will be detailed in a subsequent monograph. For the remainder of this paper, we will focus on the stratigraphy and geochronology of the site, the faunal remains recovered from the M 171N17 block, as well as those examined in the collections at the American and Denver museums, and the artifacts.
Stratigraphy, Geochronology, and Paleoenvironments
The geological history of the Folsom site has been reconstructed through stratigraphic mapping of the exposed arroyo and excavation walls, as well as extensive Giddings machine coring and hand augering across the site ( Figure 3 ). Electrical resistivity and seismic refraction surveys were also conducted to complement and enhance the coring and augering data on bedrock topography. This work has shown that the Paleoindian remains at Folsom extend from the lower portions of a small, two-pronged tributary into the deeper and wider adjoining paleovalley (the ancestral Wild Horse ArroyO).6 Because of the greater fluvial activity within the paleovalley, the stratigraphic histories of the tributary and paleovalley, although generally similar, also differ in important ways, as do the taphonomic histories of archaeological remains found in these different areas of the site. Both the paleovalley and the tributary were incised into the local bedrock (Cretaceous-age Smoky Hill Shale [Scott and Pillmore 1993] )7 and are filled with sediments of late-Quaternary age. The lithostratigraphic subdivisions and terminology we use in describing these sediments generally follow the tripartite scheme developed by Haynes on the basis of lithologic characteristics (Anderson and Haynes 1979) and includes three major stratigraphic units ( Figure 4 ). From bottom to top, the Folsom formation (stratum}), the Mcjunkin formation (m), and the Wild Horse formation (w) (Anderson and Haynes 1979 : Table 1 ). We have made some modifications to Haynes's terminology, however, based on the recognition of the differences in the stratigraphic histories of the paleovalley and the tributary. Nearly 50 radiocarbon ages, primarily on charcoal (which appears to be almost entirely noncultural in origin [also Bryan 1937:142] ) but also on bison bone, provide chronological control for the stratigraphic sequence (ages are summarized in Figure 4 , and are all in radiocarbon years B.P.). In-filling of the tributary and paleovalley began at least 12,400 B.P., with the accumulation of fluvial and colluvial deposits (the basal part of the Folsom formation, stratum/I) that by the time of the Paleoindian occupation had filled -1-2 m of the lower reaches of these channels. The [1997] [1998] [1999] . Ticks along the edges mark the site grid. Black dots within gray circles identify core/auger holes where stratum 12 was present, and also very roughly indicate the course of the two prongs of the tributary (which come in from the south and southwest on the south bank), and the location of the paleovalley, which is located beneath the north bank, in a course that approximately parallels the present arroyo. The plan map of the 1920s excavations is superimposed (in bold outline), although its position is at best an approximation, for reasons discussed in the text.
layers were subjected to a fluctuating water table that produced distinctive iron-oxide mottles.
Beginning around 11,500 B.P. and lasting until -10,000 B.P. the tributary and the paleovalley filled with sediments of stratumj2, fine-grained, calcareous, light yellowish brown silts (silt loam/silty clay loam) that are similar in physical characteristics to loess. Loess is not widely reported for the region, but its presence has been noted. In a study of volcanic rocks of the area, Collins (1949 Collins ( :1023 remarks that on some of the basalt mesas "Quaternary loess has been added to the decomposition products" but does not elaborate. Allen (1959) , in examining soils formed on the basalt uplands, observed that loess (and volcanic ash) is an important component of the parent material of some soils. Loess would not be out of place in the region given the site's proximity to glacial and periglacial processes in the Southern Rocky Mountains during the late Pleistocene. The timing ofj2 deposition (Late Glacial) would also be appropriate for loess accumulation.
Thej2 may not be primary airfaliloess, but rather a redeposited loess; evidence from thin sections shows fine bedding with stringers of clay, indicating syndepositional reworking (Goldberg and Arpin 2000) . Still, the absence of coarse clastics or pronounced bedding (except for several widely separated lenses of shale gravel) suggests the loess was not extensively reworked by fluvial/colluvial runoff or sheetflow and may have washed out of the air ("wash-out loess") and accumulated in this topographic low.
;Sediments are, at best, a coarse indicator of environmental conditions, but the presence oftheflloess or "wash-out loess" at the site suggests a cooler and drier landscape than at present. Support for that possibility is available in the preliminary results of the analysis of the isotopic chemistry of gastropod shell (from Vallonia gracilicosta, V parvula, Gastrocoptaã nd Succineidae) recovered from the bonebed. These have more positive 8 13 C and 8 18 0 values than occur among contemporary species. While this too suggests the environment at the site during the time of the occupation was marked by cooler and drier climates and greater amounts of C4 plants than at present, such a hypothesis needs to be (and will be) tested with ongoing isotopic analysis (as well as analysis of pollen extracted from a sediment core obtained from a nearby lake atop Johnson Mesa).
The fl deposition continued essentially uninter.,. rupted through the time of the Folsom kill-:-the top of the bison bone (at least in the tributary) is covered' if thinly, infl sediments. There are no distinct horizons within thefl, although there is evidence for weak pedogenesis, indicating periods of slower aggradation and surface stability during the accumulation of this stratum.
Around 10,500 B.P. (five radiocarbon ages on bone average 10,489 ± 21), Paleoindian hunters killed a herd of -32 bison, dropping the animals in both the tributary and in the adjoining valley. (Virtually all of the 1920s excavations were within the tributary, and not the paleovalley-even those excavations that in 1928 cut into the north bank, which then still was situated south of where the tributary and paleovalley merge.) It seems likely that the hunters would have maneuvered or otherwise disadvantaged the animals, thereby reducing their risks, by using the high bedrock walls of the valley and the tributary and perhaps a knickpoint within the tributary headcut. However, postdepositional colluvial movement of shingle shale off those valley walls has obscured the precise configuration of the land surface at the time of the kill.
The kill was made on a surface that was essentially dry underfoot~atleast within the tributary. The fl within the adjoining, topographically lower valley may have had more moisture, but unfortunately we cannot be certain as we have virtually no evidence that bears on this question. In neither area do the bones occur on a distinct stratigraphic surface or unconformity, although in the tributary a backplot shows there is a well-defined archaeological surface on which the bones are resting, and there are subtle differences in soil texture and chemistry just below the bonebed. There is no stratigraphic evidence for more than a single Paleoindian bison kill having taken place at this locality.
Erosion began in the drainage sometime around 10,000 B.P. and lasted until ....9800 B.P., at which point the depositional histories of the tributary and paleovalley began to diverge significantly. In the tributary, t~e eroded top of the.f2 and the Paleoindian bonebed were covered by a slopewash of angular, platy fragments of Smoky Hill shale (generally <5 em in maximum length) that came off the nearby bedrock walls across the tributary basin. The shingle shale-which constitutes stratumj3 in the tributary-is heaviest (but discontinuous) in the area of the bonebed; in the upper reaches of the tributary it thins and ultimately disappears. For the most part, the shingle shale flowed across the top of the.f2; in just a few places it came to rest directly on bison bone. Otherwise, it forms a lens (sometimes sets of lenses) 10-30 cm thick, which effectively armored and protected the unqerlying bonebed from subsequent dis.;. turbance (e.g., erosion, rodent burrowing). This shale slope wash testifies to a scarcity of vegetation on the landscape. If the bedrock walls were overlaid by a vegetative ground cover, it would have been unlikely that the shingle shale could have' moved SQ readily and en masse downslope.
In contrast to the relatively homogeneous shingle shale capping the bonebed in the tributary, the clasts comprising stratumj3 in the paleovalley tend o be more ro~nded (i.e., gravel), show more sizesorting, and occur in multiple, complex lenses of gravels, secondary carbonate nodules (as Anderson and Haynes [1979] also observed), as well as siltsthe latter appearing to represent continued deposition offine-grained "wash-out loess." Thej3 deposits also are substantially thicker (locally>100 cm) and tend to be more complexly bedded and finely laminated than those in the tributary; the laminated interbeds of silty clay mark repeated episodes of iow~gradie~tfluvial erosion and redepositIon.
, Because of the action of these different geomorphic processes, the taphono~c history of the bone in the tributary differs fro~that found in the paleovalley. The bison remains in the paleovalley do not form-as they do in the tributary-a discrete archaeological horizon (or even a recognizable "bonebed"). Nor are'they solely within.f2 sediments or protected by an overlying shingle shale. Instead, they tend to occur as isolated elements in secondary context and at high angles (a maximum of 79°, mean of 27.7°), indicative of fluvial transport. These bones are situated in and among multiple, complex lenses of j3 and gravel, including in some instances dispersed nodules of calcium carbonate, marking repeated episodes of low-gradient fluvial erosion and redeposition. The size of the gravels (packets of which range from coarse to very fine, i.e., <8 mm) suggest that water velocity and turbidity-here on the edges of the valley-was irregular, as was stream competence.
There are presumably some areas in the paleovalley where portions of the bonebed are in primary context (e.g., where the cranium and associated elements were found in 1972). Importantly, not all of the bone found in the paleovalley could have simply "washed out" from the tributary deposit, as bison remains have been found in the paleovalley at least 35 m upstream of the mouth of the tributary ( Figure  3 ). Although the greatest concentration ofbison bone was found in the tributary, this is not necessarily the main area of the kill (in fact, the density of carcasses here is relatively low in comparative terms [Hofman 1999a] ). Indeed, it is quite possible that the kill was centered in the paleovalley, and a comparable or greater number of animals were dropped there where their traces were either moved/removed by subsequent erosion, or still remain buried and archaeologically invisible beneath the deep Holocene deposits of the north bank.
The erosion of.f2 sediment and its redeposition as /3 complicates efforts to establish a precise chronological relationship between these units. In the tributary, where the.f2 was not extensively eroded, the youngest age from the unit is 10,010 ± 50 B.P. By contrast, in the paleovalley the youngest age on the.f2 (excluding the bison bone dates) is 10~760 ± 140 B.p., likely reflecting the removal of the upper, younger portion of that stratum. Charcoal from tp.e .f2 in the paleovalley was apparently redeposited in younger, overlyingj3 sediments, which have yielded ages as old as 11,100 ± 130 B.P. (even older than the oldest radiocarbon age currently av~i1able on the.f2 in the tributary).
The majority of the ages on thej3 in the paleovalley postdate 10,000 B.P. Stratumj3 deposition continued until ....9200 B.P. The middle-to-Iate Holocene stratigraphic history of the site need not concern us here, save to observe that following the deposition of stratumj3, there were a series of cutand-fill episodes. These produced the Mcjunkin units, ml and m2: dark, organic-and charcoal-rich, massive silt loam/silty clay deposits ranging in age from ca. 7500-4400 B.P. The Mcjunkin filled and ultimately obscured the paleovalley and its bonebearing tributary. The last major depositional episode in the valley is marked by sediments ofthe Wildhorse fOnllation (stratum w), which are latest Holocene in age.
Bison Skeletal Remains from the Folsom Bonebed
A total of -3,300 identifiable bison bone elements have been recovered from all the excavations in the Folsom bonebed. The aggregate tally and counts are given in Table i , and the area of the bone bed as it' appeared in our excavations is shown in Figure 5 . As noted, Bison antiquus is the only species represented (MacDonald 1981:94) .
Our estimates place the minimum number of animals at the site at -32 (based on counts of astragali and fused 2nd and 3rd carpals; Brown, as noted, estimated 30 animals). Younger animals are well represented with calves and yearlings having a combined MNI of 7 (Todd et al.~996: 170) . Based on measurements of distal humeri, nearly 60 percent of the skeletally mature animals are cows. Although many of the crania are very fragmentary, two are bull crania (one each at Denver and the AMNH) and four are cow crania (one at the AMNH, two from the QUEST excavations [ Figure 5 ], and one from the Louden excavation). With nearly two-thirds of the cranial remains and limb bones coming from sexually mature cows, and taking into account the fact that the bulls probably include both young (less than 7 years; Berger and Cunningham 1994:162) and a lower number of the more reproductively active and aggressive prime and old bulls, the age and sex evidence from Folsom seems to represent a cow-calf herd.
Based on the relatively uniform weathering ofthe bones e~amined in the extant collections, the withincohort uniformity of eruption and wear patterns of mandibular molars, and the stratigraphic and depositional context of the faunal remains in the limited area of the bonebed we have been able to examine, we believe, as Brown did in 1928, that the remains all come from a single kill. This is typical of Folsom sites (Stanford 1999:301) .
In genera~, the skeletal preservation is excellent. Elements not ofte~preserved in Paleoindian contexts-for example, complete crania, including hom cores and tips of premaxillae, and extremely fragile hyoid bones-occur in the Folsom bonebed. A few of the remains collected in the 1920s, however, do show the damaging effects of~ontemporary excavation and laboratory preparation techniques, including pick and/or shovel cuts and preaks, shellacking, plastering, sanding, and carving of bone surfaces.
The preservation ofthe bone is attributable to several factors. First, surface weathering (using criteria in Todd et al. 1987 ) of the Folsom bone proved to be minimal, with over 75 percent (n =1141) of the elements for which data are available (n =1488) falling Into weathering stage 1, and just over 99 percent in weathering stages 1-3. This suggests the carcasses were subaerially exposed for only a brief period of time prior to burial (perhaps no more than a few years). The bones were eventually buried by the finegrained silts of unit.f2 and then in the tributary by the shingle shale. However, there is some variability in surface weathering across the bonebed. A few of the elements recovered in 1928 from the eastern side of the bonebed are in poorer condition (weathering stages 4-5, occasionally with substantial evidence of crushing or other damage). This spatial difference in bone preservation was observed by Kaisen in 1928, but he offered no explanation for the disparity (Kaisen to Brown, and Kaisen to Cook, both July 8, 1928 , VP/AMNH). There are several possibilities (e.g., slightly longer initial exposure, re-exposure and weathering at a later time, an absence of the shingle '~armor," different moisture regimes, snowdrift locations, vegetation or shade differences), but we have been unable to resolve these as our test excavations in this area of the site did not yield any faunal remains.
Second, there is little or no evidence of carnivore modification or trampling. Only a very few (n = 63 or2.9 percent) of the more than 2,100 specimens for which data are available show gnaw or tooth marks, and many of those in the 1920s coll~ctions are ambiguous and not securely referable to carnivore action. The low long-axis inclinations of the bone elements-at least in the tributary area-are also inconsistent with animal trampling (Fiorillo 1989) .
Finally, there is evidence (including a lack of patterning in inclination or orientation) that the bone in the tributary was not moved or transported any significant distance by natural processes. In fact, we suspect the location of the bone piles in this area of the site roughly approximates the position of the animals at the time of their death, with subsequent butchering and processing apparently having taken place close to where the animals were dropped. In contrast, and as noted above, skeletal elements found in the paleovalley show clear evidence of postdepositional transport-which in many cases led to breakage, loss of projecting articular ends, etc. Even so, the skeletal elements from the paleovalley do not show appreciably greater surface weathering, suggesting they too were rapidly buried even after reworking. The butchering may have been thorough: bison remains uncovered during our excavations were from mostly disarticulated skeletons, save for a few articulated and/or conjoined skeletal elements. Yet, despite the apparent thoroughness with which the bison carcasses were taken apart, the recovered bones (including those in the museum collections) show few cutmarks on their surfaces. Obviously, given the (generally) excellent surface condition of the bone, butchering marks ought to be visible if present. We cannot yet determine whether the observed patterns of skeletal disarticulation and scattering resulted from dismemberment during butchering or through diagenesis.
For that matter, none of the elements recovered from the site were broken for marrow. There is virtually no evidence of bone impact fractures. Nor do any elements show signs of on-site processing for bone grease. In effect, the nutritional value of each carcass was not completely exhausted, in keeping with the general pattern seen at other Pa1eoindian kills (e.g., Bement 1999; Hill and Hofman 1997; Hofman and Todd 1996; Todd et al. 1997) , and in contrast with, for example, late prehistoric kills (e.g., Bartram 1993:121; Frison 1982; Todd et al. 1997) .
This herd of animals would have had considerable potential food value. The ....32 bison in this cowcalf herd were killed in the fall, based on patterns of dental eruption and wear (Todd et al. 1996: 169-170) , which indicate ages of .4-.5 years for the group 1 animals and 1.4-1.5 years for the group 2 animals. That time of year, fat reserves in cows are greater than they are at other times of the year (Speth 1983; Todd 1991:232-233) .
The bison bone recovered from our excavations yielded disproportionately fewer long bones (femora, humeri, tibiae) and appeared to be dominated by skeletal parts traditionally considered low-utility (low meat-yielding) elements such as lower legs and mandibles (e.g., Wheat 1972:102-103; also Emerson 1993) . These are parts generally discarded in the course of butchering. Subsequent statistical analysis of the assemblage indicated there was no correlation between ranking of element utility and recovered complete elements (r s =.217, t =1.07, not significant).
This preponderance of low-utility bones in our excavations was in apparent contrast to the results of the earlier excavations, which archival records implied yielded more or less complete skeletons (Kaisen, unpublished fie1dnotes, VP/AMNH). That difference raised the question of whether our respective excavations had uncovered spatially distinct activity areas within the bonebed-despite their proximity-or, whether our results were actually the same but were only described differently. In the 1920s, the analytical focus was on skeletons rather than skeletal parts and their taphonomic history, with the result that a cluster of bones would commonly be referred to or mapped as "a skeleton," rather than as individual elements.
No maps of sufficient detail exist from the earlier excavations that enable us to assess the spatial patteming ofbone elements in those excavations. However, our inventory of the bone recovered by the CMNH and AMNH can be used to test whether differences exist in the elements recovered in these samples. When the number of identified specimen Siegel 1956:202-212] ).
The only significant difference among the recovery patterns of the various projects is one of sample size: the AMNH remains are from a much more extensive excavation area, producing a faunal assemblage 1.65 times larger (in terms of NISP, although as noted above, not in MNI) than the CMNH, and over 7 times larger than that from our excavations. Despite the apparently more destructive nature of the 1926-1928 excavations (which involved heavy picks, among other tools), there was no appreciable difference in relative recovery rate of complete elements. It would appear that the 1920s excavations also recovered single elements rather than whole skeletons. It seems statistically appropriate, therefore, to combine the faunal assemblages from the various excavations to provide a fuller and perhaps more representative picture of the assemblage-with the explicit caveat that even this combined sample may represent only a portion of the total bonebed.
Plotting NISP against bone utility shows that the Folsom faunal assemblage, with the exception of a few highly fragmented outliers (ribs), fits a generalized low-utility curve; there was no correlation between element utility and NISP in the combined samples (r s =.002, t =.01, which is not significant [n =24]). Lyman (1985, 1994) and others rightly caution such curves may also reflect differential preservation of high-density elements (see also Rogers 2000) . To test this, NISP and (separately) complete element counts were plotted against bison bone-density values (utility and density data from Kreutzer 1992, and Lyman 1994:Tables 7.3 and 7.6) . Statistical analysis shows no correlation between the two (the Spearman's rank order correlation between NISP and average bone density is r s =-.048, t=-.23, and between complete elements and average bone density, r s = .136, t = .65 [n = 25 in both cases; not significant in either case]). In effect, element frequency varies independently of bone density (a conclusion not unexpected, given the excellent preservation of fragile bone elements). Accordingly, the Folsom faunal assemblage appears to be dominated by low-utility skeletal parts, having been stripped of the high-yield elements. This is a pattern characteristic of initial butchering and processing in a kill area (e.g., Jodry 1999a)-which, as noted below, also fits with the kinds of artifacts recovered (broken points and a few flake tools). We infer this initial round ofprocessing took place essentially where the animals were dropped, on the assumption that heavy elements like crania (of which at least half a dozen complete specimens were found) would not be moved any significant distance. In the absence of bonebed maps from the 1920s, we cannot say whether there were more subtle differences in the character of this initial butchering across the kill area. That said, the 1928 map does indicate that the west side ofthe bonebed yielded skeletons "more or less mixed" and apparently a higher density of bison remains (Brown 1928) . Given the overall structure of the faunal assemblage, and in the absence of additional spatial information, this can be interpreted as an area in which animals were simply more closely spaced (rather than an area in which different kinds of activities were taking place).
The observed patterns of butchering leave unanswered many details of the bison processing and indirectly raise questions about other aspects of the site and occupation-notably, whether there exists (or once existed) other areas to the Folsom site. Ethnographic and ethnoarchaeological evidence suggests the rough rule of thumb that it takes a minimum of 1-2 hours of processing time per animal (L. R. Binford, personal communication, 1999; Ewers 1955: 160; Wheat 1972:109-110, 116; Wissler 1910:41) . That figure varies, of course, depending on the size of the animals, the spatial scatter of the carcasses, the extent of the butchering, the size of the labor force working on the task, the skill of the individual doing the processing, the available tools, whether carcasses were processed serially or in parallel, and even temperature-among other factors (Frison 1991:141,299-302) . Still, taken as no more than a rough estimate, one can argue the initial butchering and processing of -32 Folsom bison must have taken at least several days. Presumably, the group would have camped nearby during that time to protect the kill from scavengers (Frison 1991:301) .
What activities might have taken place in an associated camp area depend on what followed the ini-tial processing of the carcasses in the kill area. The relative scarcity of high-utility elements in the bonebed suggests those parts were removed, but to where is unknown. There are at least two possibilities, each of which has different implications for the kinds of activities that might have taken place and the amount of time that might have been spent on site:
(1) the high-utility elements were not processed on site, but transported off site in meat/bone packages (e.g., rib racks) for subsequent processing. This implies that only the minimum amount of time and activities (those necessary to the initial butchering and processing) were spent on site; or (2) the meat stripping/drying of the high-utility elements took place on site, in an as-yet undiscovered nearby area. This implies more activities and a longer period of time spent in the area, but how much more and how much longer would depend on whether the group stayed only for the time it took for meat stripping and drying, or whether they chose to make an extended stay in the area.
Which strategy might have been taken depends on many variables, several of which attend to the costs of transport such as the size of carcasses, the number of carcasses, the number of available carriers, the distance to the next camp(s), and the climate/season when the kill took place (Bartram 1993:121; Emerson 1993:139-140, 150 ; see also Roberts 1936:15; Wissler 1910:41-42) . The number of animals killed and their size are relevant insofar as large-animal kills permit transport decisions based more on body-part utility than do small-animal kills (i.e., one can afford to be selective in regard to what is transported when the animals are large and abundant [Emerson 1993:139] ). The climate/season is relevant, since temperature and precipitation may have influenced how easily groups could have butchered the animals and dried the meat (removing the meat from bones and drying it significantly reduces its weight and makes it easier to carry [Bartram 1993:121, 131-132]) , and/or whether the area would be suitable for an extended stay. Resolving which of these possibilities might be correct would be helped by locating an associated camp or habitation area, but none has been found.
Based on our work and information from the 1920s notes and map, it appears the bonebed extended over a north-south distance of as much as 40 m, and an east-west distance of just under half that, suggesting the carcasses may have been scattered over a total area of -800 m 2 • At best, however, that is a ballpark figure and makes some assumptions (about the accuracy of the 1928 map and the spatial extent of carcasses) that ultimately may not be supportable. Nonetheless, a bonebed ofthis extent is not unlikely: indeed, O'Connell and others (1992) show it may even be on the small side--even for a kill of over 30 large mammals (and, of course, were there additional excavations across the entire area, the total number of bison might be larger). At this scale, and given the current estimated number of animals, the bison carcasses were very widely dispersed.
Skeletal elements on the north bank ofthe arroyo, as Kaisen observed in 1928, were at a much deeper elevation than the material on the south bank. According to archival data, the bonebed was within 1.5 m of the surface at the upper (southern) end of the tributary, and nearly 3.65 m below the surface some 25 m distant at the lower (northern) end where the tributary joins the paleovalley-a vertical difference of just over 2 m. Our recent evidence supports this: on average, the elevation of bone on the north bank was 2.5 m below the level of the bonebed on the south bank (some 15 m away).
Elevations recorded on skeletal remains recovered in 1928 suggest the surface was relatively level over a large area and began to drop off only as it neared the junction with the paleovalley. As our recent excavations on the south bank have been on the higher and more level areas of the site and exposed the bonebed over a north-to-south distance of less than 6 m, most of the skeletal material recovered by us has been at nearly the same elevation.
Artifacts from the Folsom Site
Like the faunal remains, the artifact assemblage from Folsom is consistent with that of a kill and initial butchering locality, as opposed to a camp or more intensive processing area (Jodry 1999a:273-276) . The majority ofthe artifact assemblage is comprised of projectile points, while formal tools from more intensive butchering, meat and hide preparation, or other activities-such as end and side scrapers, gravers, ultrathin bifaces, preforms, channel flakes, etc.-are absent. A few flake tools have been recovered over the years but, unfortunately, none in situ.
While the artifact assemblage at the Folsom site is dominated by projectile points, precisely how many have been recovered from the site is uncertain, partly because of sometimes-lax curation procedures over a half-century ago, the rumored finding ofpoints at the site by later site visitors, and because of confusion in counting broken specimens that were subsequently refit. Contemporary sources record only 14 points (Schwachheim Diary), or 16 points (Brown 1928:128; Figgins 1929:9) from the 1920s excavations at the site. Less than a decade later, Roberts (1935: 17; see also Wormington 1939:6) put the total at 19 points, which apparently included specimens recovered from the back dirt in 1931 and 1934 by Brown and E. B. Howard, respectively (Howarth to Cook, February 26, 1932, HJC/AGFO; Howard 1943; Roberts 1935: 17) .
Our total, based on what we believe is a reasonably complete inventory of points from public and private collections, comes to 23 or 24 points (Table  2 ; many of the points are illustrated in Figgins 1927; Howard 1935; Wormington 1957) . Our total depends on whether the base found by Howard in 1934 actually joins the tip found in 1928 (UM34-30-1), and if two of the points (CAVO-115 and CAVO-116) accessioned as coming from "near the original Folsom site" actually came from the site. Three of the points recorded from the site are now missing: these include one specimen found in 1927 and two in 1928 (AMNHA andAMNH J). Casts and photographs of two of those are available (Wormington 1957: Figure 7 , top row, third from right, and bottom row, third from right). As it happens, two of the specimens curated at the Denver Museum (catalog numbers 1391/2 and 1262/1A) do not have secure provenience or match descriptions or sketches in Schwachheim's Diary. To complicate matters, they do not appear to correspond to the two specimens missing from the 1928 excavations. Roberts (1935:5) considered the point found in situ at Folsom in 1927 to be the type specimen, although there is no "type" description for this form. Nonetheless, he and others (e.g., Howard 1935: 112) used this point's attributes as the standard against which others were deemed Folsom or not. Ofcourse, this specimen is not "typical" in any meaningful sense (Roberts himself did not even see it as being typical of the pQints from the site [1935: 16] ), nor is the type well defined (for a full discussion ofthe consequences of this, see LeTourneau 1998a). More recently, Ingbar and Hofman (1999:99) have identified one of the Lindenmeier specimens as "the common standard" for these points. But, in fact, within any assemblage of Folsom points, and the ones from Folsom and Lindenmeier are no exceptions, there is considerable morphometric variability about a "typical" form, as a result of variation in manufacture, raw material availability, point reworking, the number of kill or retooling events, the temporal/spatial distance from the last (or to the next) quarry visit, etc. (Amick 1995:34; Hofman 1992: 193; Ingbar and Hofman 1999 ; LeTourneau 1998a) a matter anticipated by Figgins (1934:4) .
Given the relatively small size and fragmented condition of the sample from Folsom, detailed metric analyses are not especially informative. That said, descriptive statistics on this assemblage of projectile points (data not shown) indicate this sample is well within the quantitative range of other Folsom projectile-point assemblages (comparative data from Amick 1995; Bement 1999; Hofman et aL 1990; Jodry 1999a; Judge 1973; Wilmsen and Roberts 1978: 111) . Not surprisingly, measured attributes in the haft area-e.g., basal width and flute thickness-show the relatively low coefficients of variation (CV < 15) evident in other Folsom flutedpoint assemblages (e.g., Amick 1995:31-32; Judge 1973:261-264 ; in other Folsom assemblages, CV values for basal width dip as low as 5.42). These suggest a standardization in manufacture (Eerkens and Bettinger 2001) , which is argued to be a consequence ofknapping these tools to fit their hafts, and not vice versa (Judge 1973:264) .
Virtually all of the points for which data are available are fluted-generally on both faces. The high incidence of fluting, arguably, marks a circumstance where lithic raw material was available in sufficient quantity that the potential cost of production failure while fluting was mitigated (Amick 1999a:3; Hofman 1992; Ingbar and Hofman 1999:103) . There is no evidence for point production; no preforms, manufacturing failures, or channel flakes have been recovered, although again this might reflect the portion of the site excavated (the kill area).
Only four ofthe points are complete (one of those was refit from fragments, as the point was broken during excavation). The remainder ofthe assemblage is comprised oftips, midsections, and bases, with distal (tip) and proximal (base) portions of the points represented in about equal frequency (n =10 and 9, respectively). In keeping with Hofman's (1999a: 122) argument, there is no isomorphism between point (Figgins 1927 : Fig. 3-right, Fig. 4 en tips:kills and point bases:camps-all of the points in this assemblage came from the kill area (cf. Roberts 1936:20) . Relying just on the material from the kill could skew interpretation of the "site" assemblage (Hofman 1999a:123) . Reworking, which took place in advance of the kill at Folsom, is evident on seven of the points, including both complete (n =3) and broken (n =4) specimens, while impact fractures are present on five of the points (including one of the comple~e specimens). It should be noted that only two specimens that were reworked also had impact fractures. In several instances, the impact fractures are accompanied by what may have been end shock (which snapped the point while still in the haft). While one might expect reworking to be more common in lithic raw material from sources distant in time/space and late in their use-lives (e.g., Ingbar and Hofman 1999: 103) , there is no apparent correlation between the occurrence of reworking and types of lithic raw material, or for that matter between material type and impact fractures or other breakage patterns (see below).
Hofman has argued that the proportion of "complete (lost) points" will be positively correlated with the density of carcasses at the kill, reasoning that widely dispersed carcasses indicate a "less accessible herd where the use of atlatls was required resulting in a higher loss of projectile points per animal" (Hofman 1999a:128) . As the carcasses at Folsom tend to be widely dispersed (perhaps as much as -1 animal per 25 m 2 , if our current estimate [800 m 2 ] of the size of the kill area is correct), he suggests this accounts for the loss ofweaponry at this site. It seems reasonable to assume in this instance that the carcasses were not moved significantly from the spot where the animal collapsed (though certainly this assumption might not hold true in other cases). But the spot where the animal collapsed may not be the same spot where the animal was struck by the weapon. Hence, it might not be reasonable to assume that the relative dispersal of the carcasses necessarily informs on whether atlatls or thrusting spears were necessary to bring the animals down.
It also seems reasonable to argue that hunters who held onto their thrusting spears had a better chance of recovering their weapons, to the degree those weapons remained hafted and attached to the spear shaft. Yet, it might not be the case that the recovery of projectile points is solely a function of whether they were thrust or thrown, or the degree of carcass dispersal. After all, if dispersed carcasses and, presumably, the cool weather and extended occupation at Folsom (as Hofman 1999a: 128 infers) enabled more thorough processing and the recovery of most of the useable artifacts, then the recovered material should also include complete projectile points. To be sure, butchering tools may be more easily retrievable, since they start out in the hands and not embedded in the animal. So we would add to Hofman's argument the suggestion that the recovery (or loss) of projectile points may have as much or more to do with factors such as where in the animal the projectile points were embedded, the degree ofbutchering, whether the point-bearing parts of the animal were removed from the kill area and further processed, and perhaps whether there was a need to recover the artifacts.
Unfortunately, the position within the skeleton is known for only three projectile points from Folsom, all ofwhich were adjacent to ribs. Two ofthose points lack bases (Figgins 1927 : Figures 3 and 4) and may have been detached from their hafts, and thus perhaps were invisible when butchering began. However, these two are among the largest specimens in the assemblage and certainly could have been reworked into useable points if spotted and needed (Hofman 1999a:124) . That these points were not recovered may indicate that the rib units associated with these points were not processed.
Even if they were, there are circumstances under which points were visible and recoverable but were not-that is, were not lost but instead were abandoned. The latter would likely occur when groups had sufficiently abundant lithic raw material or anticipated soon refurbishing their supply. In such cases, it would not be necessary or economically worthwhile to spend the time or effort to locate spent points, or if located invest the time and cost in cleaning or reworking them for re-use and transport. In contrast, groups low on stone may have gone to considerable lengths-even ifthe points were not readily visibleto find broken pieces and ascertain whether they might still be serviceable. That large specimens were not recovered, therefore, may say as much (or more) about the supply of stone as about the dispersal ofthe carcasses (which in this instance seemingly allowed a greater recovery potential of useable stone).
In addition to the projectile points, four tools have been found at the site. Roberts (1939 Roberts ( :534,1940 reported on two of them: a "nondescript flake knife, and ... a generalized type of scraper." Unfortunately, their current whereabouts are unknown and the only record we have found is a 35-mm slide. Both appear to be expedient flake tools. One is apparently made of an orange-brown, mottled chert-perhaps Black Forest silicified wood, which principally outcrops north and east ofColorado Springs (Jodry 1999a:88) . The other specimen seems to be made of chert from the Hartville Uplift area of eastern Wyoming. While silicified wood is not out ofplace in this assemblage, Hartville Uplift chert would be; however, given the poor quality of the slide colors, and the absence of this material among the other specimens from the site, this identification of Hartville Uplift should be taken with considerable skepticism.
The other two specimens are extant: one is a large (maximum length 95.55 mm) gray quartzite specimen found eroding from the face of the north bank in November 1936 by Ele Baker. Identified as a "sidescraper," the specimen has bifacial usewear indicative of having functioned primarily as a knife. Its rounded edges (from grinding and use), and lack of evidence for damage from hitting bone, raise the possibility this specimen was used for skinning. Such large quartzite tools are not uncommon in Folsomage sites, given their ability to hold an edge (Frison 1991:324; Frison and Bradley 1980; Jodry 1999a: 109) . The other specimen is a flake tool (maximum length 27.76 mm) made ofBlack Forest chert, found in 1999 just downslope of the 1920s back-dirt berm. Minor edge damage from use and slight retouch is present along one edge, while a burination blow is present along the opposite edge.
None of these tools shows evidence of formal preparation and manufacture but appear to have been used without modification in an expedient manner, dulled or broken in use, and then discarded. This is in keeping with the pattern seen in other Folsom kill/initial butchering localities (e.g., Jodry 1999a). More formal, complex, and substantially modified tools tend to be characteristic of assemblages from more intensive processing or habitation localities (Amick 1999a:3-4; Jodry 1999a) .
The scarcity oftools-formal or otherwise-may result from one of several factors. Hofman (1999a) argued tools ought to be rare at the Folsom site, on the assumption that the relatively dispersed carcasses and cool weather at the time of the kill permitted more thorough processing and greater recovery of tools by the hunters. While this seems a reasonable argument, the absence (or scarcity) of tools may also be a function of the size of the excavation area, the lack of screening in the 1920s excavations, and the fact that excavations to date have been concentrated in the kill area where tools might be expected to be rare. We have not located any areas ofthe site (if such remain) where more intensive processing of highutility elements and short-term habitation may have taken place.
The Folsom lithic assemblage-and particularly the projectile points-is dominated by high-quality exotic raw materials (Table 2 ), in keeping with patterns seen in Folsom sites elsewhere (Amick 1999b:181; Hofman et aL 1991; LeTourneau 2000) . This pattern is partly related to the technological demands of point production and the distance to quality stone sources (Amick 1999b; Hofman , 1999b Hofman et aL 1991; Ingbar and Hofman 1999: 100) . These particular sources testify to movement ofraw material on the order of several hundred kilometers (Hofman 1991 :341; Hofman et al. 1991 :302; LeTourneau 2000: Appendix A) and provide some hint as to the direction of movement and range of this group, which appears to have been across an area trending southeast to west/northwest. This is in keeping with the general pattern seen on the Southern High Plains and roughly mirrors the overall trend in the drainages (Hofman 1999b:387, 406) . Given the dominance of stone from Texas Panhandle sources, it would appear their last gearing up (or most recent occupation) prior to arriving at Folsom took place in that area.
That said, caution is appropriate, given the possibility the stone was not procured at the well-known primary sources (outcrops), but in secondary cobble sources (in river gravel trains [Wyckoff 1993; also Kraft 1997] ), or from lesser-known look-alike sources in other areas (Banks 1990) , either of which would potentially skew the distances and directions noted (also Hofman 1999b:396-397) . In general, however, the use of secondary sources and lookalikes in Folsom assemblages is relatively rare (LeTourneau 1998b:78) . Alternatively, it is possible the stone was acquired via exchange (e.g., Hayden 1982) . For a variety of reasons (Meltzer 1989) , we discount this possibility in favor of the suggestion the bulk of this exotic raw material was procured directly at the source by the groups who used it (also Hofman and Todd 1996) .
It is noteworthy that all of the stone used at Folsom is from sources east of the Rocky Mountains (though including the Front Range) and that it lacks Edwards Formation chert, which outcrops in a large area of central Texas. The latter is often present in Folsom assemblages of the Southern Plains (e.g., Amick 1999b; Bement 1999:75,97, 115; Hofman , 1999b Stanford 1999:303) .8 The Folsom site also has a very different complement of stone than that used in the several Folsom sites in the San Luis valley just 200 km to the west (but separated by the spine of the southern Rocky Mountains), sites which also include low levels of Alibates and Edwards in their assemblages (Jodry 1999a:86-88, 115, 128, Table 10; Jodry 1999b:75, 78; Stanford 1999:303) .
In order to gain a better measure of the use lives and attrition of the kinds of raw material at the site, the assemblage of projectile points was partitioned by raw material, and metric variables were grouped by the two materials (Alibates and Tecovas) for which there were sufficient sample sizes (>5 specimens). Statistical analyses failed to demonstrate any significant difference in these attributes by raw material type. Furthermore, there was no significant statistical relations'hip between raw material and breakage patterns (chi-square = 5.139, df = 6, p = .526).
However, raw material patterns apparent among the tools differ from that of the projectile points (we use the term "apparent" because two of the tools could not be examined firsthand). Specifically, none ofthe high-quality raw materials from the Texas Panhandle was used in the production of the flake tools at the site. From this, one might suggest that artifacts from more distant (timelspace) sources that had already reached the end of their effective use lives were, as the need arose, reworked and pressed into service as flake tools-along with tools made of local stone (also Amick 1999b: 181) . Testing this model will require examining lithic debitage, but to date that has been comprised only of microdebitage (n =25), which is not especially useful in this regard.
Looking for the Folsom Camp
Finding a camp associated with the kill area at Folsom would be desirable for many reasons, not the least that such might yield important site features, such as hearths, bone piles from processing of highutility elements, and point resharpening and retooling areas, the latter possibly including more tools, flakes, and debitage (see Amick 1999a:2; Hofman , 1999a Hofmanetal.1990; Jodry 1999a) . Such evidence would potentially provide a more representative measure of the different types and quantities of tools and raw materials brought onto the site, and how, where, and in what form they were used. It might also help to resolve the intensity of bison carcass use by showing, for example, whether bones were removed from the site as "complete limb units rather than as segmented subsets," and where high-utility skeletal parts may have ended up (Todd 1991 :224,229) . Finally, it might also give a broader picture of Folsom diets, as any smaller-bodied prey and plants are unlikely to be present in kill sites and bonebeds, though may occur in associated camp areas (O'Connell et al. 1992: 341; see, for example, Davis et al. 1997) .
The search for a "habitation site of the Folsom bison hunters" (A. E. Jenks to H. J. Cook, April 29, 1929, HJC/AGFO) began soon after the initial discovery ofthe site. ClarkWissler hired Gerhard Laves (then a graduate student at the University of Chicago) in 1928 to accompany the AMNH paleontologists to Folsom and survey the region for a Folsom-age camp (Wissler to Laves, April 17, 1928 , ANTH/AMNH). Laves was unsuccessful, reporting to Wissler that local collectors (including Schwachheim) described the area as "barren" of artifacts (Laves to Wissler, July 3, 1928 , ANTH/AMNH).
Our archaeological surveys and limited testing yielded no traces of any Folsom-age activities on the interfluve area and uplands surrounding the site. Rather, they confirmed Anderson's (1975) observation that archaeological material of any age is scarce in this area. This suggests that if a camp is to be found, it will likely be closer to the kill-areas where Paleoindian groups would have had easier access to water and ability to protect the bison carcasses from scavengers. Scale is relevant here: camps may be situated 10-70mfromkills (Fisher 1992:73; 0' Connell et al. 1992) . The original excavations did not extend any distance away from the kill, so an associated camp may yet be found.
Moreover, one might exist in areas that are currently archaeologically invisible, such as within the paleovalley. Were it relatively cool at the time of the kill, the group may have elected to camp within the broad, low-lying channel that would have afforded some protection from the wind. The Folsom-age sur-face in the paleovalley, however, is now buried 4-6 m beneath the present surface. Of course, a camp either in the paleovalley or on the uplands may have eroded away. Further fieldwork will be necessary to determine if (or where) an associated camp or habitation area is to be found.
Summary Notes and Concluding Thoughts
The fieldwork conducted at the Folsom site in the 1920s was directed toward very specific goals: to recover bison skeletons for museum display and, once the site's archaeological significance became known, to document the association of the artifacts with the bison skeletons and determine the site's Pleistocene antiquity. That was done well. In the decades that followed, knowledge of Folsom Paleoindians grew considerably with the discovery of additional Folsom-age sites, yet knowledge of the type site lagged behind. The Folsom site did not tell us very much about Folsom-period adaptations, and there was some question whether it ever would, given the ostensibly exhaustive excavations that took place in 1928.
Although the areas excavated in the 1920s are now badly eroded, portions of the site still exist in both the tributary headcut area where skeletal remains are in primary context and in the paleovalley where much ofthe skeletal remains appear to have been reworked. Bone preservation was very good to excellent (especially in the tributary headcut), owing to a combination offactors-notably, minimal postdepositional movement~a lack of carnivore or rodent activityr apid burial by fine-grained, predominantly aeolian sediment (stratum}2); a sheet-wash shale shingle (stratumj3) that subsequently covered and armored the bonebed~and, finally, burial by middle-to-late Holocene pond sediments, which filled the valley and diverted the channel of Wild Horse Arroyo away from the bonebed until (we infer) the 1908 flood reopened the channel.
Having parts of the bonebed in both the tributary area and the paleovalley raises the interesting but possibly unanswerable question of whether the bison were initially attacked in the channel and tried to escape via the tributary, or whether the animals were corralled in the tributary and a few tried to flee down and out the channel, or some combination thereof. In either case, it seems likely that the hunters took advantage of the natural topography, which-based on our mapping of the deep and steep valley wallscould have readily been used to maneuver and trap the animals.
We have further established that the material recovered to date has come entirely from the kill area, which limits the archaeological window we have into the range of activities that may have taken place at this locality. There is a reasonably representative sample of faunal remains and artifacts marking the initial butchering and processing of the carcasses. The faunal assemblage is comprised largely of low-utility elements; the lithic assemblage consists ofbroken projectile points, a few flake tools, and tiny retouch flakes from tool use. We can only speculate from this sample about any additional activities related to the kill that may have taken place-either on site or offsite.
There is reason to suspect the group making the kill would have stayed in this area for at least a few days, the time it would take for initial butchering and processing. As yet, we have no evidence they would have stayed longer. In fact, there are reasons to hypothesize they would not. Given the elevation of the Folsom locality (-2100 m above sea level), the season of the kill (fall), and our current, preliminary knowledge of the climate and environment at the time of the Folsom occupation (cooler and possibly drier than at present), it is not likely that human foragers would have stayed for extended periods.
That said, Amick (1996) has raised the interesting hypothesis that Folsom groups may have followed bison into protected foothills and intermontane basins and wintered there. Historically, bison in some parts oftheir range-primarily the northern Plainsdid abandon the open plains in winter in favor ofareas where vegetation cover and/or topographic features provided shelter from the elements. But they did not do so every winter, and not in predictable ways (Bamforth 1988 :83-84~Hanson 1984 Malainey et. al. 2001~Moodie and Ray 1976 :49-51~Morgan 1980 : 156~Roe 1951 . Moreover, bison may not have favored the Folsom area as a wintering locality. Physiological and anatomical studies show that bison can cope with extremely cold temperatures (down to -30°C~see Christopherson and Hudson 1978~Christopherson et al. 1976~Telfer and Kelsall 1984 . However, they can do so only as long as there are not also high winds that can disrupt the winter hide's insulating properties (Christopherson and Hudson 1978:41) . Moreover, bison do not fare well in areas that receive heavy snow-as Folsom does today. When compared on a series of morphological attributes and behavioral characteristics with other large North American ungulates, bison rank near the bottom of the list in their ability to cope with snow (Telfer and Kelsall 1984: Table 3 ; see also Guthrie 1990:200-202 , and historical evidence detailed in Roe 1951:180-203) .
Of course, we have no direct evidence whether this was an area that received heavy snow during winter in the late Pleistocene. But we do know that because of the effects of nearby Johnson Mesa on local air mass and climate (an influence that would have been present in late Pleistocene times), winter snowfall is much heavier in this area today than it is in the surrounding region. A priori, then, we hypothesize this would not have been an area suitable for bison to over-winter.
In the absence of bison, human foragers intent on staying in the area for an extended period would have to rely on other animals and plants. In regard to the latter, we would again observe that edible plants, and particularly ones that provide a significant return in fatty acids or carbohydrates during the critical winter and spring months, are presently rare in this region. If plant foods exploitable by humans were also rare in Folsom times, it suggests Paleoindians would not have had sufficient food resources to linger beyond the period necessary to prepare the meat from their kill-let alone winter over in the area.
There is evidence of only a single kill at this locality, made by groups whose range (based on their stone sources) extended from the panhandle of Texas into the plains of northeastern Colorado. It is perhaps not irrelevant to observe that traveling up anyone of several rivers and streams out of the panhandle (such as the Canadian and its tributaries or the Dry Cimarron) would have brought groups into the general vicinity of the Folsom site (major river courses, in addition to possibly serving as corridors of travel, may-along with oth~r distinctive topographic features-have served as boundaries of traditional areas of exploitation, based on raw material use patterns [Stanford 1999:303] ). This is not to say that following these drainages would inevitably deposit foragers at the Folsom site. Rather, unlike Paleoindian sites that occur, for example, at springs or small lake basins on the High Plains where there are no obvious topographic features to guide movement across the landscape (but which, of course, may have had long-vanished game trails pointing arrow-like toward them), coming to or through the Folsom area need not (and may not) have been a random movement with respect to topography (as it could be on the featureless and open plains).
Indeed, there are only a few places where Paleoindian groups following those regional drainages would have been able easily to traverse the mountainous and broken terrain and high mesas that extend from the eastern flank ofthe Sangre de Cristo Mountains across a 200-km stretch of the border between Colorado and New Mexico. While hardly an obstacle on the scale of the Rocky Mountains, this was a barrier to easy north-south movement, and historically much of the movement of animals and people through the area was channeled through one of several passes, including Trinchera Pass. This saddle between Johnson and Kelleher Mesas is just 8 km north of the Folsom site. Of course, the speculation that the Paleoindian group that made the kill at Folsom may have been headed toward Trinchera Pass, and encountered and killed a herd of bison in Wild Horse Arroyo en route, will likely remain safely untestable.
Finally, unlike, for example, the San Luis Valley to the west (Jodry 1999a), the Folsom area does not show repeated use by Paleoindian groups-or, for that matter, by later groups (Anderson 1975) . Why that should be so is not altogether clear, since the area is well watered and presents abundant game resources (at least today and, judging by the scanty archaeological record, in the past as well). Further clues to the local environment of the late Pleistocene may help resolve this matter and test the hypothesis that plant foods were simply not sufficient to support repeated or prolonged occupations.
We now have a clearer view of the Folsom site: its extent, history, bison bonebed, stone-tool assemblage, and geology. While each of these contributes to the basic inventory of data on the Folsom period, none approaches the significance of the basic question answered by the 1926-1928 excavations. Why is that? At this point it would be easy to use the shopworn (but legitimate) excuse that the "best parts of the site" were removed by the previous generation. As with most easy answers, this one would probably not be the most useful or interesting, and we suggest that a more relevant and productive conclusion may be that few of the contemporary central ques-tions about Folsom archaeology can be answered from any individual site or assemblage.
Today's concerns with the ecological interactions of humans, bison, and other components of their physical and social environment will never be solved through a site-based archaeological discovery, no matter how spectacular. We definitely see the need for additional site-based investigations and re-investigations, but also are well aware that seeking solutions to questions about Folsom, or any other archaeological culture, requires us to tackle the difficult problems of scaling-up from sites to landscapes to regions. Having better information from Folsom, or any other of the landmark sites obviously has important, substantive implicationsB ut the most exciting and challenging aspects of research questions current three-quarters of a century after the initial excavations in Wild Horse Arroyo require a more broadly focused perspective. Whether the Folsom site was used by peoples traveling toward Trinchera Pass may not be directly testable, nor may we ever be able to say how long the group remained near the kill, but our failure to answer such site-specific questions may be of less importance than the other sorts ofresearch domains that can be addressed with the ongoing and future integrative regional studies (e.g., Holliday 1997) . In isolation, no site will ever produce answers to today's questions.
That notwithstanding, there is much that can be learned from this re-investigation of the Folsom site, and our analysis continues. In the end, and despite the limitation of having to rely on materials excavated in another era for other purposes, the type site can ultimately shed new light on the cultural period that it named. The active, in-field collaboration of archaeologists, vertebrate paleontologists, and geologists in the original excavations at Folsom helped to make this site one of the hallmarks of North American archaeology. Even though the scale of questions has changed, the interdisciplinary focus initiated for this type site ofPaleoindian studies continues to provide the most likely avenue for yielding interesting answers. The relevance of our site-scale work at Folsom will come from having a much better understanding of the site with which to examine, re-evaluate, and refine existing regional-scale models of Folsom-period adaptation.
of those elements clearly are out of place in this site and collection (e.g., Equus). From this and other evidence we suspect that material from different sites has become mixed together and ended up in the Folsom drawers at the museum. Brown (1928) makes reference to non-bison species being found at Folsom, but whether he was referring to material found in 1926-1927, or during his excavations in 1928, is unclear. A query of the AMNH Collections database yielded no mammals other than bison from the Folsom site itself.
5. In July 1933, Cook collected charcoal hoping to obtain a dendrochronological age-radiocarbon dating, of course, not having been invented in 1933. Soon after the technique was invented, Cook submitted the sample to Willard Libby, explaining it came from "below the Folsom bison and artifact level, in the arroyo of the type site of that cultural group ... just a little below, and downstream from the horizon in which the bones occurred" (Cook, in Arnold and Libby 1950:10) . Using the original solid carbon method, two ages were obtained on the sample: 4575 ± 300 and 3923 ± 400, which were averaged to 4283 ± 250 (C-377). Arnold and Libby (1950:10) observed the age was "surprisingly young," and it apparently "caused considerable comment" when it was released (Roberts 1951 :20) . Cook then corrected the sample provenience, noting it came from a side arroyo "some hundred feet, plus or minus, to the westward" of the bonebed (in Roberts 1951 :20) . Based on his descriptions of the stratigraphic context from which the charcoal was obtained, this age matches well with more recently obtained dates from what appears to be the same stratum. Obviously, however, the date has no bearing on the Paleoindian occupation.
6. The tributary entered from the south/southwest, and joined the paleovalley at approximately the present position of the 1926-1928 excavations. Knickpoints are common at the upper end of tributaries that drain into Wild Horse Arroyo today, and the Pleistocene tributary may have been similarly constricted at its upper end. At the lower end, where the tributary joined the paleovalley, it was . . . . .35-40 m across.
7. The bedrock in the site was identified as Pierre Shale original'ly (Brown 1928) . However, detailed geologic maps show that the closest Pierre Shale occurs on the west side of Johnson Mesa, some 50 km distant, and the geological descriptions of the Smoky Hill Shale match more closely the material observed at the site (Scott and Pillmore 1993) .
8. Hofman et al. (1991) identify Edwards chert in the Folsom assemblage (specifically, Denver Museum specimen number 1262/1A), but for several reasons LeTourneau (2000:341) believes the specimen in question is made of Flattop chert from northeast Colorado. We follow LeTourneau in this matter.
